We report the synthesis, structure and physicochemical attributes of a new holmium(III)-based metal-organic framework whose 3D network structure gives rise to porosity; the reported structuretype can be varied using a range of different lanthanide ions to tune the photophysical properties and produce ligand-sensitised nearinfrared (NIR) and visible light emitters.
Metal-organic frameworks (MOFs) are fascinating metallosupramolecular systems in which metal ions or polynuclear complexes are linked through organic ligands. 1 Synthetic approaches to MOFs which consider the topological characteristics of these organic and inorganic secondary building units (SBUs) to rationally construct 'default' structures, have attracted significant scientific interest over the last decades. 2 Under this purview, the use of extended rigid organic linkers in combination with selected inorganic SBUs led for instance to highly augmented structures with surface areas exceeding 7000 m 2 g À1 , 3a unprecedented gas storage capabilities or new heterogeneous catalysts with promising reactivity, turnover numbers/frequencies or shape/size selective properties. 3, 4 Lanthanide(Ln)-based MOFs are a particularly interesting subclass of MOFs as the intrinsic attributes of the heavy transition metal ions can lead to multi-functional materials which combine porosity, or other structural characteristics, with molecular magnetic, electronic, photo-physical attributes. 5, 6 The lanthanides are a unique family of homologous elements that resemble each other remarkably in their chemical attributes. Herein we report a synthetic approach to highly augmented lanthanide-based MOFs that give rise to porosity. The resulting structures can be regarded as multifunctional materials whereby their photophysical and magnetic properties can be tuned by the nature of the used lanthanide ion producing ligand-sensitised visible and near-infrared (NIR) emitters. The results complement our expertise in the areas of MOFs, molecular magnetism and luminescent materials. (Fig. 1) . The compound was refined in the orthorhombic space group Ima/2 and the phasepurity of the bulk material was confirmed using powder XRD experiments. The asymmetric unit of TCM-9-Ho is composed of one symmetry independent Ho III ion, one water molecule and half of a deprotonated BTEB ligand. ). Thermogravimetric analyses of TCM-9-Ho in an air atmosphere reveal an initial weight loss of ca. 36.5% between ca. 25 and 300 1C corresponding to the loss of DMF solvent molecules and coordination water molecules upon which the compound loses its crystallinity. This degradation is followed by the oxidation of the organic ligands between ca. 400 and 515 1C. Nitrogen sorption studies confirmed the permanent porosity of the thermally treated samples of TCM-9-Ho whereby activation methods involving solvent-exchange and freeze-drying using supercritical CO 2 led to similar results: type I N 2 adsorption isotherms and BET surface areas varying between 765 m 2 g À1 and 720 m 2 g
À1
. The resulting porous materials are stable and a close match between the IR spectra of de-solvated, porous materials and pristine crystals of TCM-9-Ho, confirm a close structural relationship. However, it should be noted that TCM-9-Ho indeed undergoes a structural/morphological transition as suggested by the results of PXRD experiments and the BET analyses. The observed surface areas compare to that of MIL-103, which contains the related, but less extended, ligand BTB (1,3,5-benzentrisbenzoic acid) . MIL-103, [Tb(BTB)(H 2 O)]Á2(C 6 H 12 O), is a 3D porous framework composed of chains of corner-sharing {TbO 9 } polyhedra, linked through BTB ligands, to generate a framework with hexagonal channels of ca. 10 Å in diameter and which are comparable to those found in TCM-9-Ho.
5r The experimentally determined surface area of desolvated TCM-9-Ho is relatively high in comparison to other previously published Ln-MOFs, as lanthanide-based framework structures have a propensity to collapse upon removal of solvent molecules, due to structural rearrangement or instability of the lanthanide coordination environment that often contains coordinated solvent molecules. Thus, porous Ln-MOFs are relatively rare when compared to transition metal based frameworks. Using the synthetic strategy employed to produce TCM-9-Ho, a series of structurally closely related lanthanide-based (Dy MOFs can be synthesised. Detailed structural analysis of the compounds proved difficult as the compounds generally form small crystal sizes and readily desolvate loosing crystallinity. However, the close structural relationship of the resulting complexes with TCM-9-Ho was confirmed using a combination of analytical techniques including PXRD, FT-IR, thermogravimetric and elemental analyses (ESI †).
Further evidence for the close structural relationship between TCM-9-Ho and TCM-9-Dy is exemplified by their closely related magnetic properties corresponding to typical lanthanide based paramagnetism ( Fig. 2a and ESI †) . TCM-9-Ho lowering the temperature, the wT product of the two complexes decreases to reach ca. 3 cm 3 K mol À1 for TCM-9-Ho and ca. 8 cm 3 K mol À1 for TCM-9-Dy at 1.8 K and 1000 Oe. For these complexes, their magnetic properties are mainly dominated by the thermal depopulation of the sublevels of the lanthanide ground state that result from spin-orbit coupling and a low symmetry crystal field. Therefore it is impossible to determine the relative contributions of this intrinsic lanthanide paramagnetism and weak magnetic interactions likely present in these systems. As expected in the presence of a significant spin-orbit coupling, both systems show typical field-and temperature-dependences of the magnetisations below 8 K with an absence of saturation even at 1.8 K and 7 T together with a non-superposition of the M vs. H/T data. The luminescent properties of TCM-9-Eu, TCM-9-Nd and TCM-9-Sm, measured in the solid state, demonstrate that the BTEB ligand can act as a suitable antenna for the sensitization of visible and/or near-infrared emitting lanthanide ions. BTEB itself displays a broad emission band between 375 and 700 nm, with a maximum occurring in the blue region at 440 nm (Fig. 2b) . The emission spectrum of TCM-9-Eu displays predominantly the characteristic Eu III 5 D 0 -7 F J ( J = 0-6) transitions in the 570-840 nm range (Fig. 2c) . However, some weak ligand-centred fluorescence is still observed, which is indicative of an incomplete energy transfer from BTEB to the lanthanide ions. Compared to BTEB itself, the residual ligand-centred fluorescence in TCM-9-Eu is red-shifted by ca. 70 nm upon complexation to Eu III , with a maximum observed at 510 nm. The excitation spectrum obtained by monitoring the Eu III 5 D 0 -7 F 2 transition presents a band in the 300-400 nm range similar to the one observed for the BTEB ligand itself, which demonstrates that the BTEB ligand is able to act as an antenna and sensitise the Eu III emission in TCM-9-Eu. . 9 The existence of such a LMCT state as a result of the BTEB-Eu III interaction was further confirmed by recording the excitation spectrum of TCM-9-Eu at 510 nm, which shows both the 365 nm band already observed for BTEB itself and the charge transfer band that is not observed in the absence of the lanthanide ion (ESI †). While the LMCT band does not appear to affect the Eu III emission, it is likely to be responsible for the poor sensitisation of the Sm H J ( J = 5/2, 7/2, 9/2 and 11/2) transitions at 561, 595, 642 and 700 nm, respectively (Fig. 2d) . Interestingly, TCM-9-Sm does not solely emit in the visible, but also in the NIR range as a result of the
H 15/2 transitions. The BTEB ligand further enables the sensitisation of the NIR emission of TCM-9-Nd. Upon ligand excitation at 360 nm, its emission spectrum displays bands that are characteristic of the Nd III 4 F 3/2 -4 I J transitions ( J = 9/2, 11/2 and 13/2) at 880, 1065 and 1330 nm, respectively (Fig. 2e) . A significant feature of TCM-9-Nd is that the Nd III NIR emission can be obtained by indirect (or ligand) excitation at 360 nm, but also by direct excitation through the Nd III transitions at 679 or 745 nm (Fig. 2f) , thus achieving NIR-to-NIR down-conversion photoluminescence particularly interesting for biomedical imaging.
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In conclusion, we report a new Ho III -based MOF whose 3D open-framework structure gives rise to porosity after desolvation. We demonstrate that the observed carboxylate-stabilised 1D chain motif can generally be used as a versatile SBU for MOFs that are stabilised by highly augmented, rigid tritopic linkers such as the 1,3,5-benzene-trisethynylbenzoic acid (BTEB) ligand. Further, the observed structure-type and employed preparation method allows the substitution of Ho III ions by various other homologous lanthanide ions allowing a systematic variation of the photophysical properties whereby the BTEB ligand functions as an intramolecular sensitizer. Remarkable are the luminescence characteristics of TCM-9-Eu and the near-IR emission properties of TCM-9-Nd and TCM-9-Sm. Future activities will aim to exploit these MOFs for liquid and gas-phase sensing applications.
